Abstract
as promote the function of neonatal B cells in culture (Shimizu et al., 1983; Wakabayashi et al., 1948a; Wakabayashi et al., 1984b; Shimizu et al., 1984) . In a stationary system, these cultures showed a high insulin secretory response not only to glucose, but also to leucine and 2-ketoisocaproate. This contrasts with a generalized defect in insulin secretion by immature B cells stimulated with various secretagogues, as reported recently from our laboratory (Wakabayashi et al., 1985) , and by others both in vitro and in vivo (Heinze and Steinke, 1971; Grill and Freinkel, 1981) . Static incubation techniques are adequate for detecting changes in insulin secretion during a single incubation period, but they are insensitive to time-dependent changes within the incubation period. Therefore, it is of primary importance to examine in a perifusion system whether the neonatal B cells that had been cultured in these media can be given a sustained biphasic pattern of insulin secretion typical of the adult rat pancreas in response to a wider variety of stimuli (Landgraf et al., 1971; Lebrun et al., 1983) . The mechanism by which immature B cells become secretory competent is not well known, and thus gaining a better understanding of the functional development of the B cells should be of help in understanding the nature of certain metabolic diseases, including diabetes mellitus. For this reason, monolayer islet cells in an early stage of culture or those that had been cultured in TCM 199 medium containing 5.5 mM glucose, with or without 5 mM 3-amino-3-deoxyglucose were perifused to examine the phasic insulin secretion. The results showed that the addition of the amino-sugar causes the transition of the neonatal B cell to an adult-type response. Perifusion procedure
The perifusion of the monolayer cell culture was done according to a modification of the method of Kawazu et al. (1977) The perifusion chamber was made by placing two plastic discs containing cultured cells on both sides of a silicon-rubber sheet (thickness, 3.5 mm) with a round hole (diameter, 3 cm) in the center and by fixing them in place with square metal plates with screws at each corner.
The basal perifusion As depicted in Fig. 3 was lower than that of glucose.
Effect of culture medium with 3-amino-3-deoxyglucose on insulin secretion due to a step-wise stimulation with leucine, 2-ketoisocaproate or other secretagogues As shown in Fig. 4 , on day 0, the response to 10 mM of either leucine or 2-ketoisocaproate was biphasic, although they had merely a slight effect in raising the response above basal levels. There was little or no response to valine and BCH at the same concentration.
In contrast, the B cells on day 7 showed a remarkable increase in second-phase secretion induced by leucine, 2-ketoisocaproate and BCH, but valine had little or no effect.
Effects of culture medium with 3-amino-3-deoxyglucose on insulin secretion due to a linear gradient stimulation with glucose, leucine or 2-ketoisocaproate.
When the B cells on day 7 were stimulated by glucose at a linear gradient concentration running from 0 to 20 mM, insulin secretion was initially observed at about 2.5 mM glucose attained 10 to 12 min after the onset of stimulation, and reached a plateau at concentration of around 5 mM glucose in a period of 20 min. Further, in the presence of forskolin or IBMX, a slowly rising glucose stimulation increased the maximal value of insulin secretion (Fig. 5) . Insulin secretion from the perifused B cells under a slow-rise stimulation with leucine initially occurred at a concentration of 1 mM attained 12 min after the beginning of stimulation, 2-ketoisocaproate triggered insulin secretion at 1 mM attained another 12 min later, then the insulin secretion increased proportionately to their levels until insulin secretion reached a plateau at a concentration of around of 11 mM leucine, and about 4 mM 2-ketoisocaproate (Fig. 6) . Effects of culture medium with 3-amino-3-deoxyglucose on the recoveries of cAMP in the medium and cells and on insulin release Tables 1 and 2 summarize the data on the recoveries of cAMP in cells and medium and insulin secretion during a 30-min incubation.
The amounts of cAMP and insulin secreted by cells stimulated with forskolin or IBMX in the presence of 16.7 mM glucose were much greater than each control level. In addition, the addition of TPA also induced a significant increase in the secretion of either cAMP or insulin. Results of insulin secretion due to other secretagogues also were in parallel with those of perifusion experiments.
Effect of culture medium with 3-amino-3-deoxyglucose on the oxidation rates of glutamine Vol.33 The rate of glutamine oxidation by 10 mM leucine was 1.9 fold, and by 10 mM 2-ketoisocaproate it was 2.4-fold (Table 3) .
Effect of culture medium without 3-amino-3-deoxyglucose on insulin secretion and Hellerstrom, 1972) or the cAMPadenylate cyclase system (Grill et al., 1975) . In contrast, it has been claimed repeatedly that the cAMP-adenylate cyclase system has an influence on the glucose induced insulin secretion of adult rat islets (Rabinovitch et al., 1978) . As shown in Figs. 1 of glucose and forskolin or IBMX, which significantly increased the production of cAMP in the cells (Wakabayashi etal., 1985) , and, the withdrawal of IBMX from the medium converted the biphasic pattern to one that appeared monophasic. These
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findings seem to support the views of Grill et al. (1975) that the poor glucose sensitivity of immature B cells may be caused by an inadequate intra-cellular concentration of cAMP. However, the fact that the amounts of insulin secreted and cAMP accumulated in cells or the medium were not always parallel, and that in the absence of glucose insulin secretion was primed by the addition of IBMX but not forskolin suggest that cAMP may not be the sole mediator for glucose-induced insulin secretion. Nevertheless, because of the difference between cAMP response on day 0 and day 7, it seems possible that the ability of glucose to stimulate cAMP may evolve during culture. Furthermore, it is especially noteworthy that in the presence of TPA the neonatal B cells on day 0 responded to glucose with a biphasic pattern. To our knowledge little is known as to whether or not this enzyme is related to the neonatal development of B cell functions, but, the diacylglycerideprotein kinase C system is considered to be involved in the mechanism(s) of secondphase insulin secretion in adult islets where glucose stimulates the incorporation of 32p into phospholipids (Tanigawa et al., 1983; Zawalich et al., 1983) . The addition of LysoPC, a metabolite in the phospholipase A2 reaction, enhanced the secondary phase secretion in the presence of glucose but not in its absence. Therefore, it is possible that phospholipasemediated breakdown of phospholipids may be involved in the adult-like response of neonatal B cells, although the possibility that a detergent-like action of LysoPC contributed, even if in part, to the secretion of insulin cannot be excluded. Recent studies showed that exogeneous phospholipase A2 can induce the secretion of insulin (Zawalich and Zawalich, 1985) and that the enzyme is activated in the presence of glucose (Laychock et al., 1982) . In addition, perifusion experiments using arachidonic acid and sodium salicylate suggested that lipoxygenase-mediated products have a insulinotropic action, as previously mentioned by Fujimoto and Metz (1984) .
In the present studies, we further demonstrated that culturing monolayer islet cells of the neonatal rat in TCM 199 medium supplemented with 5.5 mM glucose and 5 mM 3-amino-3-deoxyglucose changed the glucoseinduced insulin secretory dynamics from a slight, monophasic pattern, to an elevated, biphasic pattern, and also increased the secondary phase secretion due to leucine or 2-ketoisocaproate to levels 2.5-to 4.5-fold higher that the initial levels at culture day 0.
The response of the B cells on day 7 to glucose was qualitatively similar to that reported previously with adult rats (Landgraf et al., 1971; Kikuchi et al., 1974) , with a typical biphasic pattern. And again, doseresponse studies with a slowly increasing glucose stimulation suggested that these B cells might be more sensitive to glucose than adult rat islets (Malaisse et al., 1979) . This sensitized effect of 3-amino-3-deoxyglucose reminded us of the finding that a long-term prestimulation with glucose sensitized rat islets under a slow-rise glucose stimulation, and thus resulted in a remarkable decline in the threshold and the apparent Km value for glucose (Kobayashi et al., 1977) . The precise mechanism of the priming effect of glucose is not known. cAMP has been suggested to regulate a long-term effect of glucose on insulin secretion (Howell et al., 1973) . Grill and Rundfeldt (1979) have proposed that islets have a memory for glucose exposure that results in increased responsiveness to subsequent stimulation by glucose. Presently, it remains obscure whether the sensitized effect of aminohexose is the same as that of glucose. In the framework of a metabolic theory of insulin secretion, the discrepancy between the respective effects of glucose and mannose on insulin secretion by these B cells remains at present obscure. The strong response of the B cells on day 7 to leucine and 2-ketoisocaproate correlated well with a significant increase in the rates of glutamine oxidation within the cells, findings which are compatible with the fuel theory of insulin secretion proposed by Sener et al. (1981) .
In addition, the results of insulin secretion due to a slow-rise stimulation with leucine and 2-ketoisocaproate also provided evidence of the neonatal development of B cells, since the B cells on day 0 did not respond to this type of stimulation with these two test substances (Kagawa et al., 1985) .
From the present as well as previously published data, it seems highly possible that the catabolic enzymes of amino acids may be activated in B cells to meet their basal energy requirements while they are being cultivated in a medium containing 3-amino-3-deoxyglucose.
Overall the aminohexose, with a closer structural resemblance to 2-deoxyglucose which is known to be a potent inhibitor of glycosylation of the glycoprotein synthesis (Schmidt et al., 1974) , and induces the maturation of B-cell functions (Shimizu et al., 1984; Kagawa et al., 1985) , may alter the constituents of glycoproteins in cells to affect the activity of enzymes. The details of adequate enzymatic development remain a topic for future research.
